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Abstract
An extension of the Standard Model is presented that leads to the possible existence of new gauge bosons with masses
in the range of a few TeV. Due to the fact that their couplings to Standard Model fermions are strongly suppressed,
it is possible for them to be hidden from current searches. The model contains additional generations of fermions with
quantum numbers resembling those of the Standard Model fermion generations but with a twist: their charge assignments
are such that their electric charges and chiralities are flipped with respect to those of their corresponding Standard Model
counterparts. This feature provides a way to obtain potential dark matter candidates and the interesting possibility for
a Lepton number conserving dimension-five operator for Dirac neutrino masses. The model implications associated to
electroweak precision parameters, flavor changing neutral currents, and diphoton rate contributions are briefly discussed.
The general assumptions of this set up are also used to sketch a couple of variants of the model with peculiar features
that could motivate further study.
Keywords: Z-prime, 4th fermion generation, multi-Higgs model
1. Introduction
The search for new phenomena at high energy scales has
inspired many different - sometimes complementary - pro-
posals for new physics. From adding extra scalars and/or
fermion generations to the Standard Model (SM), extend-
ing its gauge sector, adding flavor symmetries, all the way
to considering complete grand unified models where most
of the salient features of contemporary particle physics are
addressed. So far no evidence of any such extensions has
showed up in any experiment. At the same time, solutions
to several interesting and important questions remain elu-
sive. Some of them are: Where does neutrino mass come
from? Can the wild fermion mass spectrum be explained?
Why matter over antimatter? What is dark matter?
In this paper we present a set up where additional
fermion “generations” are introduced to the SM such
that they are consistent with current experimental bounds
and might contribute to interesting phenomenology at the
Large Hadron Collider (LHC) and/or provide dark matter
candidates. Several old and new ideas related to additional
generations of fermions exist in the literature, ranging from
studies related to the currently disfavored fourth fermion
generation [1–3] to frameworks that involve the existence
of several generations of so-called mirror fermions [4–12].
Implementations of this kind are sometimes embedded in
Left-Right models [13–27]. An important ingredient or
guiding principle in most of the previous extensions, from
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the theoretical point of view, has always been the possi-
bility of unification. Namely, extra fermion multiplets are
considered that can in principle be conceived from a grand
unified point of view. This is important because it works
as a guide and/or constraint that provides theoretical ap-
peal. Our set up is motivated by those ideas but its main
difference basically resides in giving up the constraint (or
condition) that the additional fields might be related to
some sort of unification. That is certainly a major de-
parture, for it might seem unmotivated by some readers,
but it is a venue worth exploring that might contain some
interesting consequences.
To do so, we first consider an extended gauge sector con-
sisting of an additional SU(2)hid gauge symmetry hidden
to the SM fermions and under which new fermions (includ-
ing right-handed neutrinos) will transform non-trivially.
The general (gauge) structure of the model is given by
SU(3)C × SU(2)w × SU(2)hid × U(1)X . (1)
The set up assumes a sequential spontaneous symmetry
breaking (SSB) triggered by the the vacuum expectation
values (vevs) of scalars in the following way
SU(3)C × SU(2)w × SU(2)hid× U(1)X
−→ SU(3)C × SU(2)w× U(1)Y
−→ SU(3)C× U(1)em. (2)
The two scalars that mainly drive this breaking pat-
tern have transformation properties given by Hhid ∼
(1,1,2,−1/2) and H ∼ (1,2,1,+1/2) under the underly-
ing gauge group, and where SU(3)C ×U(1)em correspond
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to the usual SM unbroken gauge groups. The electric
charge generator is given by Q = T 3w+T
3
hid+X = T
3
w+Y ,
with Y ≡ T 3hid + X, where T 3w and T 3hidd are the diagonal
SU(2)w and SU(2)hid generators. Note that with the SM
fields chosen as singlets under SU(2)hid their X-charge is
their hypercharge. By construction, we assume hierarchi-
cal vevs: 〈Hhid〉  〈H〉.
In addition to the gauge extension, our set up uses the
following convention (choice): for any field that we add
that has a counterpart within the SM (for example Hhid
has counterpart H), its X-charge (and chirality in the case
of fermions) will be flipped (that is why the X-charge of
Hhid is the negative of the charge of H in the paragraph
above). If additional fields that do not have a counterpart
in the SM are needed, they will be U(1)X -neutral and their
electrical charges will be determined exclusively by their
SU(2)w × SU(2)hid transformation properties. Although
our extended SM gauge group includes another SU(2) fac-
tor, and despite the resemblance to Left-Right scenarios
in the literature, we would like to stress that ours is not
one of them: right-handed fermions are not promoted to
doublets of SU(2)hid. Furthermore, H and Hhid do not
transform into each other under the parity operation P.
In other words, we won’t attempt to accomodate P (or its
breaking) at high energies.
Back to our set up, the additional fields in the model
consist of three flipped fermion generations and one X-
neutral scalar bidoublet. In the rest of the paper we
present a section with a detailed description of the model,
another one with its salient phenomenological features,
and we end with our conclusions. We have also included
two short appendices with details pertaining to anomaly
cancellation and the scalar potential of the model.
2. The model
As discussed in the introduction, the gauge symmetry
of the model is SU(3)C × SU(2)w × SU(2)hid × U(1)X .
It consists of the usual three generations of SM fermions
—taken to be singlets of SU(2)hid —and three additional
flipped generations (see Table 1).
The gauge bosons present in the model after the SSB in
(2) consist of the usual eight massless gluons, the photon
γ, the Z and W± of the SM, plus additional Z ′ and W ′±
gauge bosons. Due to the breaking pattern, the photon
and Z boson are linear combinations of the gauge boson
associated to U(1)X and those associated to the diagonal
generators of both SU(2)w and SU(2)hid, while the W
±
bosons are linear combinations of the gauge bosons asso-
ciated to their off-diagonal counterparts.
As discussed earlier, the charge assignments of the new
fields are flipped with respect to those of the SM fields.
This set up has some interesting consequences: note for
instance that the SU(2)hid lepton doublet R
′ has its elec-
tromagnetic neutral component in the lower position, i.e.
flipped with respect to the SU(2)w lepton doublet L. For
Field SU(3)C SU(2)w SU(2)hid U(1)X
QL 3 2 1 +1/6
Q′R 3 1 2 −1/6
UR 3 1 1 +2/3
U ′L 3 1 1 −2/3
DR 3 1 1 −1/3
D′L 3 1 1 +1/3
L 1 2 1 −1/2
R′ 1 1 2 +1/2
ER 1 1 1 −1
E′L 1 1 1 1
H 1 2 1 +1/2
Hhid 1 1 2 −1/2
B 1 2 2 0
Table 1: Transformation properties of the fermion and scalar field
content of the model. Family indices are not shown and three gener-
ations for all fermion fields are included. Fermion fields not present
in the SM are primed.
the quark sector the same situation is true and thus the la-
bels U and D lose their “purpose” when used in the flipped
sector. To make this more evident we express them in the
usual SU(2) notation:
L ≡
(
νL
EL
)
, R′ ≡
(
E′R
νR
)
, (3)
QL ≡
(
UL
DL
)
, Q′R ≡
(
D′R
U ′R
)
. (4)
A brief observation regarding the particle content in
Table 1 is that since the U(1)X charges of the addi-
tional fields correspond to those of the SM (flipped), and
since complete generations are introduced, the usual gauge
anomaly conditions are automatically satisfied for an ar-
bitrary number of flipped generations. This is explicitly
shown in Appendix A.
The transformation and charge assignments introduced
in Table 1 forbid any mixing between SM and flipped
fermions. Furthermore, barring the presence of the bidou-
blet B, the only communication between the SM and the
hidden sector is through the photon/gluon exchange and
the quartic portal-like interaction in the scalar potential
H†HH†hidHhid. This has as immediate consequence the
presence of electrically charged stable particles, since none
of the interactions that communicate both sectors can
transfer electric charge. This is the reason for the incor-
poration of B, as is described later in this section. The
Yukawa sector of the model is given by1
LY = YUQLH˜UR + YDQLHDR + YELHER
− ZUQ′RH˜hidU ′L + ZDQ′RHhidD′L
+ ZER′HhidE′L + H.c. , (5)
1The minus sign compensates that of the neutral component of
H˜hid.
2
where H˜ ≡ iσ2H∗, H˜hid ≡ iσ2H∗hid and the YU,D,E and
ZU,D,E are Yukawa matrices. Observe that the bidoublet
B does not participate in the Yukawa sector and thus does
not mix flipped and SM fermions.
Neutrinos are massless at tree level in this set up, in-
cluding the right-handed ones present in the flipped sec-
tor. Note, however, that Dirac neutrino masses can be ob-
tained through the Lepton number conserving, dimension-
five operator (see [28] for possible realizations of this type
of operator)
mDν ∼
1
Λ
(LH˜)(H˜†hidR
′) . (6)
It is interesting to note that if neutrinos are Dirac and
Lepton number is conserved, the neutrino masses in this
model are related to the vevs of the doublet scalars and to
the (undetermined) energy cutoff Λ, which is associated to
the scale at which this set up would cease to be effective
and is presumably much higher than the scale vhid of the
first stage of the sequential SSB.
Let’s now turn to the presence of electrically charged
states among the extra field content. Such states, if stable,
would have been detected already 2, which leaves us with
no choice other than to ensure that they transfer their
electric charge back to SM charged states: this is the role of
B. We need interaction vertices that connect the W ′±, q′,
and `′ to electrically charged SM states. Before showing
how B provides such an interaction, we describe the new
electrically charged states of the model. First note that the
new flipped quarks, if not allowed to decay to SM quarks,
will form new hadron states similar to those in the SM. We
assume that in the hidden sector a new flipped and massive
neutron-proton pair n′ − p′ is generated (p′ with negative
charge) such that their masses satisfy mn′ < mp′ and the
beta-like process p′ → n′e′−νR is allowed. In this way the
(neutral) n′ is stable and the only electrically charged new
particle is the lightest3 flipped lepton e′− .
In order to make e′± unstable we could try to cou-
ple it directly to the SM charged leptons. Suppose a
SU(2)w × SU(2)hid singlet scalar field ϕ ∼ (1,1,1)−2
is introduced (against our convention/choice of adding
only X-neutral fields when no SM counterpart exists).
This enables a Yukawa ERE
′
Lϕ and induces the decay
e′− → e+ϕ−−. However, as opposed to scenarios where
doubly-charged scalars originate from large SU(2)w mul-
tiplets, decay channels of ϕ−− to W− plus singly-charged
scalars or to a W−W− pair are not available due to the sin-
glet nature of ϕ under that group. Therefore, the doubly-
charged singlet scalar would be stable and our problem
would persist.
Our solution is the introduction of the following U(1)X
2See, however, the mass-to-charge limits from the interaction with
galactic magnetic fields [29].
3The new charged leptons `′ could be mass-degenerate, but for
simplicity consider the case where e′ is the lightest one.
neutral bidoublet:
B =
(
b01 b
+
2
b−1 b
0
2
)
. (7)
As mentioned above, this field does not participate in the
Yukawa sector and neither in the generation of neutrino
mass. Although flipped-SM fermion mixing through B is
forbidden, this bidoublet introduces charged gauge boson
mixing (∝ 〈b01〉〈b02〉) when both of its neutral components
develop a non-vanishing vev, opening up an interaction
that deploys the electric charge of e′ into the SM. This is
illustrated in Fig. 1, where a generic process is shown in
the interaction basis. Interestingly enough, B does not in-
troduce unsuppressed neutrino mass operators either: at
renormalizable level neither of LBR′ of LB˜R′ is permit-
ted by gauge invariance. Beyond renormalizable level the
dim-5 operator LBB†R′ and other combinations of B and
B˜ with two fermion doublets fail to be gauge invariant be-
cause X(L) + X(R′) = +1. Finally, all dimension-5 com-
binations of the fermion bilinears LR′, Q′RQL with two
scalar doublets,
QLHH
†
hidQR, QLHH˜
†
hidQR
LHH†hidR
′, LHH˜†hidR
′, LH˜H†hidR
′,
are ruled out, except for the operator LH˜H˜†hidR
′, which
generates Dirac neutrino mass terms.
E ′R
νR
W˜ ′
W˜ SM
Figure 1: Generic decay of an electrically charged, color-singlet hid-
den fermion into SM states. This is possible through the mixing of
the interaction-basis W˜ and W˜ ′ once both bidoublet neutral compo-
nents develop a vev.
In summary, the role of the bidoublet B in the model is
to prevent the presence of new stable charged states while
being compatible with suppressed, higher-dimensional
Dirac neutrino mass operators.
As a side remark please note that there can be additional
solutions besides introducing B. For example, going one
step further and again relaxing our convention (choice) of
setting extra fields to be neutral with respect to U(1)X ,
we could introduce a bidoublet with X = +1. Such a field
would allow charged flipped fermions to decay to SM fields:
as in the case of the X = −2 singlet discussed above, it
contains a doubly-charged scalar but also a singly-charged
one, thus evading the problem of that case. The downside
is that a contribution to neutrino masses would exist at
renormalizable level, taking over the operator LH˜H˜†hidR
′
and one would need to find ways to suppress it. In this
work we stick to the case of the neutral bidoublet and
3
will defer the X = +1 bidoublet possibility to a future
publication.
To close this section we present some details of the scalar
sector. The renormalizable, gauge invariant potential for
the three scalar fields H, Hhid and B is given by
V = −µ2H†H + λ(H†H)2 − µ′2H†hidHhid
+ λ′(H†hidHhid)
2 + λHHH
†HH†hidHhid
+ VB(H,Hhid), (8)
where VB(H,Hhid) stands for the free potential of the
bidoublet plus its interactions with the doublets (shown
fully in Appendix B). Both neutral components of the
doublets acquire a vev, H → (0, vw/
√
2)T , Hhid →
(vhid/
√
2, 0)T , and so do the neutral components of the
bidoublet, b1,2 → vb1,b2/
√
2. After the two stages
of symmetry breaking, and upon minimization (refer
to Appendix B) the sixteen starting degrees of free-
dom arrange themselves into the following interaction
bases: four CP -even scalars, {h0, h0hid, b01r, b02r}, four
pseudoscalars {a0, a0hid, b01i, b02i} and four charged scalars
{H+, H+hid, b+1 , b+2 }. After diagonalization, the neutral
physical states left are a light SM-like Higgs, two mostly-
bidoublet true scalars H02,3, a heavy scalar made mainly
of H0hid, two pseudoscalars A
0
1,2 from B, and two charged
states H±1,2 predominantly in the b
±
1,2 direction. Such com-
positions are a result of the vev hierarchy, vb1,2  vw 
vhid, with the actual values set by the chosen benchmark
parameters. The remaining six degrees of freedom become
the longitudinal modes of W , W ′, Z and Z ′.
Strictly, the bidoublet vevs participate in both symmetry
breaking stages, however their relative size compared to vw
and vhid renders their contribution merely into a correcting
effect. Then, the total electroweak vev is defined by v ≡√
v2w + v
2
b1 + v
2
b2 = 246 GeV. It turns useful to change
variables according to vb1 ≡ vb cosβb, vb2 ≡ vb sinβb and
vb ≡ v cosβ, vw ≡ v sinβ. Notice that a large tanβ regime
leaves vw ≈ v, in accordance with 〈H〉 being the dominant
contributor to electroweak symmetry breaking.
3. Phenomenology highlights
Our main intention in this paper is to present a model
with the characteristics mentioned above, namely (i) no
additional, stable charged fermions, and (ii) neutrino
masses occuring only as dim-5 operators. A complete phe-
nomenological analysis of the model is beyond the scope
of this paper and we intend to present it in a later publi-
cation, however there are a few notable phenomenological
aspects that we want to comment on this section with the
purpose of further motivating our set up.
First, the model is free of tree-level flavor changing neu-
tral currents (FCNCs) by construction. It was already
specified in Sec. 2 that the SM fermions form the usual
Yukawa terms with H and that these are the only ones
permitted at tree-level. This holds true even after the
addition of the bidoublet B, as discussed earlier. That
FCNCs are absent at tree-level can be seen directly as fol-
lows: starting with Eq. (5), after rotating the D-quarks
and CP -even scalars into physical fields D̂ and ĥ0k we are
left with the scalar-fermion-fermion interactions
ŶDi√
2
D̂LiD̂Ri
(
(ZH)1,1ĥ
0
1 +
4∑
k>1
(ZH)k,1ĥ
0
k
)
+ H.c. (9)
Here ŶDi = ŶDij δij are the diagonal Yukawas, ZH de-
notes the orthogonal rotation matrix that diagonalized
the scalar mixing matrix, and the ĥ0k are labelled in or-
der of increasing mass. As long as the ĥ0k>1 are made
heavier than hSM ≡ ĥ01 (the lightest, SM-like Higgs) it
holds that (ZH)1,1 ≈ 1  (ZH)1,k and they do couple to
SM fermion pairs but with a ZH suppression factor. Since
the same statement is true for up-type quarks and leptons,
these sets of Yukawa couplings will be flavor-diagonal and
will not generate tree-level FCNCs in accordance with the
Glashow-Weinberg condition [30]. An analysis at loop-
level is currently under preparation for this model (and
for other variants mentioned at the end of this work) but
due to the small mixing in the scalar and gauge sectors,
contributions to flavor changing loop-level processes are
generally expected to be also under control and not to im-
pose severe bounds on the parameters of the model.
The electroweak precision parameter ρ, on the other
hand, gives some very interesting constraints at tree level
due to the contribution from the vev of Hhid. Since the
bidoublet B respects the custodial symmetry of the poten-
tial, only vhid contributes to ρ in a nontrivial way. Denot-
ing with g, gh, gx, and gY the respective gauge coupling
strengths of SU(2)w, SU(2)hid, U(1)X , and U(1)Y , we can
write at tree-level
ρtree =
M2W
c2WM
2
Z
=
M2W,cust − δM2W
c2W (M
2
Z,cust − δM2Z)
, (10)
where
M2W,cust = g
2v2/4, M2Z,cust = (g
2 + g2Y )v
2/4, (11)
and
cW =
g
√
g2h + g
2
x√
g2(g2h + g
2
x) + g
2
hg
2
x
, (12)
gx(gh) =
gY gh√
g2h − g2Y
. (13)
At order O(v4/v2hid) we obtain
δM2W =
(
g2 sin2 (2βb)
4
)
v4b
v2hid
, (14)
δM2Z =
[
g2xg
2
h + g
2(g2h + g
2
x)
]
4(g2h + g
2
x)
3
(g2xv
2
w − g2hv2b )2
v2hid
. (15)
Notice that both δM2W,Z have fixed sign irrespective of
tanβb or the relative sizes between gh and gx, thus the
4
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Figure 2: Tree-level ρ parameter variation with vhid, at fixed tanβ,
for several gh values (green solid lines in each panel). Latest fit and
1− σ band are shown in gray. Neither of gh of gx is allowed to take
values below gY (blue region). The red-shaded region, coming the
bound from Z − Z′ mixing (in terms of vhid) is excluded for each
choice of gh.
leading terms in an expansion in v4/v2hid carry opposite
sign,
ρtree = 1− δM
2
W
M2W,cust
+
δM2Z
M2Z,cust
+O(v4/v4hid) . (16)
Note that by being proportional to v4b/v
2
hid, δM
2
W is sup-
pressed at large tanβ compared to δM2Z , which goes as
v4w/v
2
hid. This results in a ρtree > 1 that monotonically
decreases to 1 as vhid increases (as expected). In order to
show whether these tree-level contributions make ρtree fall
within the current best fit, ρ(exp) = 1.00036±0.00019 [31],
we show in Fig. 2 the ρtree of Eq. (16) as a function of
vhid for various gh at fixed tanβ = 20.
Looking at Eq.(13) we see that gh and gx must satisfy
gh, gx > gY , which rules out the blue region shown in each
panel. This, combined with the fact that both bounds
from the ρ best fit lie above 1, curiously implies an up-
per bound for vhid (when gh = 0.37) that translates in to
a maximum value for the W ′± mass, M ′W . 3.2 TeV, as
can be seen in the upper-left panel in Fig. 2 (of course,
associated to the 1 − σ band). As the chosen value for
gh decreases, the allowed ranges for vhid (set by the cross-
ings of the green contours with the gray band endpoints)
decrease both in size and in value until they hit a bound
obtained from Z −Z ′ mixing (red shade in Fig. 2), which
reads (M2Z)2,3/(M2Z′ −M2Z) . 10−3 [32] and that trans-
lates into M ′W ∼ 1 TeV (lower-right panel).
It is worthwile noting that even though these values
for M ′W fall below current constraints from general W
′±
searches (MW ′ > 3 − 5 TeV in [33],[34]), our W ′± evades
standard production from and decay to SM states by car-
W ′± decays BR B decays BR
H±1 A
0
1 ∼ 25% H±1,2 → tb¯ ∼ 99%
H±2 A
0
2 ∼ 24% A01 → gg ∼ 49%
H±1 H
0
2 ∼ 25% A01 → bb¯ ∼ 42%
H±2 H
0
3 ∼ 25% A02 → hZ ∼ 68%
A01W
± ∼ 10−4 A02 → bb¯ ∼ 27%
H±1 Z ∼ 10−4 H02,3 →WW ∼ 71%
W±Z ∼ 10−10 H02,3 → ZZ ∼ 16%
W±h ∼ 10−10
Table 2: Main W ′± branching fractions and a few representative
subdominant ones. Also shown are the BRs of the mostly-bidoublet
daughters of the main W ′± modes.
rying a reduced coupling to them. This is so because in
pp → W ′± the SM quarks only couple to W ′± through
W -mixing of size O(v2b/M
2
W ′). Since the largest W
′ cou-
plings in the scalar sector are to mostly-bidoublet states
(with `′±ν assumed kinematically inaccesible) the partial
fractions arrange hierarchically as
BR(W ′± → BB) BR(W ′± → B SM)
 BR(W ′± → SM SM) (17)
where B = H02,3, H±1,2, A01,2 and SM = h,W,Z. Standard
W ′ searches based on Wh and WZ thus face large sup-
pressing factors and are expected to be safe from current
W -mixing constraints [35]. On the other hand, the W ′
can decay promptly (ΓW ′ ∼ tens of GeV) thanks to the
set of (large) BRs of BB pairs. However, although these
B’s decay first to pairs of h,W,Z with not-so-small frac-
tions, the unstability of the SM bosons implies that these
unsuppressed W ′ channels will contain large-multiplicity
final states at detector-level that may require dedicated
analyses.
In order to numerically exemplify the claims above, Ta-
ble 2 lists the largest BRs for W ′ and its main decay prod-
ucts at vh = 10.0 TeV, gh = g2 ≈ 0.66, tanβ = 20.0 sup-
plemented with the scalar potential benchmark at the end
of Appendix B. At such point, MW ′ = 3.3 TeV and ΓW ′ =
9.5 GeV, with bidoublet-like state masses 180− 230 GeV.
Furthermore, by itself the factor BR(W ′± → qiq¯j) that
enters into σ(pp → W ′±) goes as ∼ 10−15, indeed dimin-
ishing the W ′± production.
Thus, this model gives the possibility of having a rel-
atively light set of gauge bosons so far undetected that
connect the two fermion sectors providing a way for elec-
trically would-be stable particles to decay to SM fermion
states. This feature is what motivates the adjective hidden
for the extended gauge sector of our model.
A one-loop analysis will be soon presented for this case
as well, where we also expect contributions to be under
control due to the reduced nature of the couplings to SM
fields. Another interesting loop-level process subject to
possible constraints is the one associated to the diphoton
strength signal, defined by the ratio µγγ ≡ σ/σSM of cross
sections of production of hSM that decays into γγ. Devia-
5
tions from the SM prediction µγγ = 1 may serve as indi-
cators of non-SM degrees of freedom, and since the latest
36 fb−1,
√
s = 13 TeV ATLAS [36] and CMS [37] results
quote, respectively, µγγ = 0.99±0.14 and µγγ = 1.18+0.17−0.14,
the current measurements leave room for contributions
from the extra states in the model (W ′, q′ and the charged
scalars). To see that, consider the two charged scalars H±1,2
described in Sec. 2. For vhid fixed, the H
±
1,2 masses are
governed by the sizes of vevs vb1, vb2 and the parameters
µHBH , µ˜
′
HBH that mix the bidoublet with the doublets.
Then, the H±1,2 can modify µγγ from the SM prediction
provided their masses are light enough and their couplings
to the SM-like Higgs are non-negligible. The W ′, on the
other hand, will be sufficiently decoupled to contribute for
a vhid of several TeV. This also holds true for the hidden
quarks q′ (whose mass is only sensitive to vhid) provided
their Yukawas Zij are taken of order 1.
Incorporating non-negligible H±1,2 contributions of
course involves determining the extent to which other cou-
plings present in the SM amplitudes of hSM → γγ (those of
theW and t) are modified in our model, however, we would
like to point out an interesting feature within our set up:
while standard expressions for the total Γ(h→ γγ) incor-
porating new charged scalars exist (see [38]), these include
only the usual triangle and bubble diagrams made solely
of H±i lines. For general mixing angles there are physical-
basis, nonzero multiparticle vertices γW±H∓, hSMW±H∓
and hSMγW
±H∓ that generate the additional diagrams in
Fig. 3. This situation is analogous of the one encountered
in 2HDMs outside the (β − α) = pi/2 (alignment) regime,
where the coupling hSMW
±H∓ no longer vanishes4.
H+i
H−i
W
W
W
H±i H±iW
W
H±i
H±i W
W
H±i
Figure 3: Nonvanishing hSM → γγ modes involving multiparticle
vertices with the bidoublet-like charged scalars H±i .
Before closing the present discussion on the diphoton,
let us mention that a similar scenario with two doublets
and a X = 0 bidoublet has been analyzed in Ref. [39]
in the context of a Left-Right model. Their set up is de-
void of the amplitudes in Fig. 3 thanks to the presence
of an extra discrete symmetry which also forbids W˜ − W˜ ′
mixing. Back to our model, a proper analysis of the mod-
ification to h→ γγ must not only incorporate the full set
4Easier to see in the Higgs basis, where the doublet orthogonal
to the one with the Goldstones and the whole v contains H+ in
the upper component and −hSM cos (β − α) in the lower component.
Then a W connects H+ and hSM.
of diagrams and the rather numerous set of parameters in
the scalar potential, but also do it in a way that ensures
its boundedness from below.
These are the salient features that the present model of-
fers. It is important to mention that we are also interested
in future explorations about providing dark matter can-
didates and full fledged flavor models within this setting.
There are also variants of the model presented in this paper
that we are currently investigating, such as the case where
the extended gauge group is SU(3)C ×SU(2)w×U(1)Y ×
SU(2)hid, namely a case where X = Y (and X(Hhid) = 0).
This leads to the peculiar result that there are two neutral
(color singlet) fermions.
Another direction worth exploring in order to constraint
vhid is the role of the νRs in the context of BBN and CMB
bounds. Being Dirac, these contribute to the total radia-
tion density and could alter ∆Neff in a non-negligible way
via amplitudes that populate the νR number density [40–
42], for example the decays `′± → W ′±νR, Z ′ → νRνR
and the scattering processes W ′+W ′− → νRνR, `′+`′− →
νRνR. We hope to explore (and motivate others) these
ideas in our ongoing investigations.
4. Conclusions
We have presented a set up where new generations of
fermions and gauge interactions are incorporated into a
model that is consistent with current experimental re-
sults. The model has gauge symmetry SU(2)C×SU(2)w×
SU(2)hid×U(1)X , three additional generations of fermions
with flipped charges and chiralities, and three scalar multi-
plets (two doublets and a bidoublet). The set up uses the
following convention for additional fermions and scalars:
for any field that we add that has a counterpart within
the SM, its X-charge (and chirality in the case of fermions)
will be flipped. If additional fields that do not have a coun-
terpart in the SM are needed, they will be U(1)X -neutral.
These considerations lead to interesting phenomenologi-
cal consequences such as the presence of relatively light
hidden gauge bosons within the mass range of a few TeV,
potential candidates for dark matter, and the natural pres-
ence of a Lepton number conserving dimension-five oper-
ator for Dirac neutrino masses. A peculiar result consists
on the model imposing an upper limit to the mass of the
additional gauge bosons of M ′W ≤ 3.2 TeV. This upper
bound comes from a combination of the conditions on the
gauge couplings given by the symmetry breaking pattern
and the contribution to the ρ parameter at tree level. In
order to motivate further exploration of this set up, we
have outlined a couple of directions into the model’s rich
phenomenology.
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Appendix A. Anomaly coefficients
Start with the charge-conjugates of the RH-chiral hid-
den quarks and leptons
Q
′c
R ∼ (3¯,1,2,+1/6), R
′c ∼ (1,1,2,−1/2) (A.1)
where generation indices are temporarily suppressed.
There are new contributions Anew(3, 3, 1), Anew(J, J, 1)
and Anew(1, 1, 1) to the SM coefficients, plus an entirely
new coefficient A(2hid, 2hid, 1) with no SM counterpart.
For the former, with Ngen the number of generations,
Anew(3, 3, 1) = Ngen
[
2(+1/6) + (−2/3) + (+1/3)]
= 0, (A.2)
Anew(J, J, 1) = Ngen
[
3{2(+1/6) + (−2/3) + (+1/3)}
+ {2(−1/2) + (+1)}] = 0, (A.3)
Anew(1, 1, 1) = Ngen
[
3{2(+1/6)3 + (−2/3)3 + (+1/3)3}
+ {2(−1/2)3 + (+1)3}] = 0. (A.4)
The new coefficient arises from triangle diagrams with two
SU(2)hid gauge bosons with X
µ,
A(2hid, 2hid, 1) = Ngen
[
3{+1/6}+ (−1/2)] = 0. (A.5)
Appendix B. Bidoublet potential
The potential VB(H,Hhid) written in Eq.(8) is explicitly
expanded below
VB(H,Hhid)
= −µ2BTr
[B†B]− µ˜2B(Tr[B˜B†] + Tr[B˜†B])
+ λ
(1)
B Tr
[B†B]2 + λ(2)B (Tr[B˜B†]2 + Tr[B˜†B]2)
+ λ
(3)
B Tr
[B˜B†]Tr[B˜†B]
+ λ
(4)
B Tr
[B†B](Tr[B˜†B]+ Tr[B˜B†])
+ λBHTr
[B†B]H†H + λ′BH[B†B]H†hidHhid
+ λ˜BH
(
Tr
[B˜B†] + Tr[B˜†B])H†H
+ λ˜′BH
(
Tr
[B˜B†] + Tr[B˜†B])H†hidHhid
+
(
µHBHH
†BH˜hid + µ˜′HBHH†B˜H˜hid + H.c.
)
.
This is the most general gauge-invariant potential in two
doublets and one X = 0 bidoublet [43]. Its non-triviality
is due to the various possible contractions not only of B,
but of B˜ ≡ σ2B∗σ2 as well. All λ’s are dimensionless, and
[µHBH ] = [µ˜
′
HBH ] = +1. Four minimization conditions,
corresponding for instance to vw, vb1, vb2 and vhid, can be
extracted with the help of the model generator SARAH
[44]. The benchmark set used in 2 is
λ = 0.15, λ′ = 0.1, λHH = −0.1 ,
λ
(1−4)
B = (0.1, 0.1,−0.5,−0.1) ,
λBH = λ
′
BH = 0.1, λ˜BH = λ˜
′
BH = 0.01,
µHBH = 0.25 GeV, µ˜BHB = −0.05 GeV
with the BRs running through the SPheno [45] spectrum
generator.
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